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WAKELAND
WAKELAND, W. W.
TEACHING SYSTEMS SCIENCE IN HIGH SCHOOL COMPARED TO GRADUATE SCHOOL
Systems Science Ph.D. Program, Portland State University, P.O. Box 751, Portland, OR 97219 USA. E-mail: 
wakeland@sysc.pdx.edu
This paper compares System Dynamic models built by graduate students to those built by high school students. The 
motivation behind this comparison is to explore the question: "How effectively is feedback-oriented system dynamics 
being taught in secondary schools compared to graduate school?" The paper will also speculate regarding implications for 
other systems concepts.
Most of the focus in this paper is on system dynamics modeling, including feedback loop analysis, and the development 
and solution of complex, non-linear sets of equations. This material has historically been taught in graduate school because 
the underlying mathematics (differential equations) is usually not taught until the Sophomore or Junior year of college, 
and then only to students majoring in certain technical disciplines such as engineering and physics.
However, with the advent of very user-friendly computer simulation software such as STELLA, VenSim, PowerSim 
and others, it is no longer essential to master the complex mathematics of differential equations before learning 
system dynamics modeling. Taking advantage of this, and recognizing the value of the approach, system dynamics 
was introduced into the secondary school curriculum in the early 1990’s. In Portland, the effort was led by two H.S. 
teachers, Diana Fisher and Ron Zaraza, who obtained funding from the National Science Foundation and subsequently 
trained about 200 teachers.
Five years ago, the first SyM Bowl was held. The brainchild of Ed Gallaher, it provided a way to showcase System 
Dynamics models built by High School students. The author, who teaches system dynamics to graduate students, assisted 
with SyM Bowl by developing the judging process for this event. The event roughly resembles a Science Fair except that 
the projects all involve system dynamics modeling.
The criteria used in the event have evolved over time. The year 2000 event utilized ten criteria, focused on: the model, 
the report written by the students, and the poster session at the event. Of these ten criteria, the following criteria are 
most relevant to this paper:
●     problem, purpose, and reference behavior are clearly described 
●     model feedback is appropriate and well-analyzed 
●     model equations are simple, clearly explained, and dimensions are correct and consistent 
●     the model endogenously creates the behavior of interest 
●     model is properly tested versus reference behavior, test cases, sensitivity analysis, etc.
The "Dataset"
Twenty-one high school student models and 16 graduate student models were reviewed and summarized in terms of 
model size, feedback complexity, model development, model testing, and model behavior/dynamics. Appendix A contains 
the results of this review.




Model Size and Feedback Complexity
For the first two aspects, model size and feedback complexity, appropriate columns in Appendix A were summed 
and averaged. The following table indicates the columns that were combined to create the measure for each aspect:
Model Size: # of stocks # of 
biflows
# of uniflows # of non-constant converters
FB Complexity: # of long loops # of short loops
Table A: Measures for Model Size and FB Complexity
The data were plotted in a scatter diagram (Figure 1) and summarized in tabular form (Table B). One project, by a high 
school student, was removed from this part of the analysis as an outlier due its size (32 stocks, 62 rates, 16 converters).
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Model Size (mean number 
of variables)
FB Complexity (mean number 
of feedback loops)
Grad. Students (N = 16) 16 7.75
H.S. Students (N = 20) 14.5 6.3
Table B: Mean Values for Model Size and FB Complexity
What might this mean? Apparently, graduate students tend to build slightly larger and slightly more complex models from 
a feedback perspective. Note, however, that if the outliner had been included, the difference vanishes; in fact, the mean 
number of variables for H.S. student models becomes larger than that for graduate students. However, the scatter diagram 
is perhaps more illuminating.
 
 
Model Development, Model Testing, and Model Behavior/Dynamics
For the other three aspects, model development, model testing, and model behavior/dynamics, the outlier was not 
eliminated. Since the "data" is subjective and qualitative, in order to facilitate comparison, scale values were assigned to 
the individual columns in Appendix A, and then summed to obtain a composite measure. The following table shows the 
items combined to determine each measure:
 Model Development: FB Analyzed? Dimensional Consistency Data for I.V.’s and Parms
Model Testing: verification & validation reference behavior pattern
Model Behavior/Dynamics: endogenous behavior behavior mode
Table C: Measures for Model Development, Testing, and Behavior/Dynamics 
Scales for each criterion varied from 0 to 2, 0 to 3, or 1 to 3, as deemed appropriate by the author.




A histogram for each measure, by sub sample, is provided in Figures 2 through 4.
Figure 2: Histogram for Model Development
The primary implication of Figure 2 would appear to be that high school students tend to more consistently analyze 
feedback and dimensional consistency, and to base their parameter values on data from the literature, from the web or 
from their own research.
file:///C|/Documents%20and%20Settings/wakeland/Desktop/ISSS2000/ISSS2000.htm (4 of 11) [3/10/2009 5:01:55 PM]
WAKELAND
Figure 3: Histogram for Model Testing
In contrast to model development, Figure 3 suggests that, to a slight degree, high school students tend not to test or 
validate their models as completely as graduate students. This includes extreme values tests, sensitivity analysis, 
hypothesis testing, and the a priori establishment of reference behavior graphs and subsequent comparison to model behavior.
Figure 4: Histogram for Model Behavior/Dynamics
Figure 4 suggests that to a modest degree, the behavior of models built by High School students tend to exhibit behavior that 
is less complex and less endogenous.











Grad. Students (N = 16) 3.7 3.9 3.8
H.S. Students (N = 21) 5.6 3.0 3.2
Table D: Mean Values for Development, Testing, and Behavior/Dynamics
Referring to Tables B and D, it would appear that models built by high school students tend to be somewhat smaller and 
less complex in terms of feedback structure and behavior than models built by graduate students. However, high 
school students tend to better analyze feedback & dimensional consistency, and better research parameter values; but do 
not tend to test their models as thoroughly or place as much emphasis on establishing a priori reference behavior in 
graphical terms.
The overall differences between the two groups are rather small, suggesting that even though they have not studied 
differential equations, high school students are VERY capable of understanding and deploying system dynamics. I believe 
this indicates that at least this particular system concept--feedback-oriented system dynamics--is well-suited for 
introduction into the secondary school curriculum...as is being done in Portland, Oregon.
Limitations of the Study
The study is descriptive, at best, and it is highly exploratory in nature. It relies on one person’s perspective--a person who 
is fully embedded in the system under study.
The sample employed is highly biased, due to the fact that the two subsamples from which the inferences were drawn 
are almost completely homogeneous: all of the high school students were taught system dynamics by a tightly-coupled group 
of teachers, and all of the graduate students were taught by the author in a single class setting.
Student level (high school or graduate student) is not in fact a valid control variable because the two groups of students 
were not taught the same material by the same instructor.
It is hoped, nevertheless, that the study provides at least some limited support for the hypothesis that it is more than 
appropriate to teach system dynamics in secondary school.
Future Opportunities
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The scoring process needs to be done by multiple reviewers to reduce bias. The criteria need to be improved based 
on experience. For example, it might be possible to better incorporate the criteria mentioned earlier that were used for 
judging the year 2000 SyM Bowl event.
A more objective and unbiased sample could be developed by having multiple judges use standardized criteria to evaluate 
past and future modeling efforts by student teams, both high school and graduate.
As the quality and size of the dataset represented by Appendix A increases, it will be possible and probably productive 
to employ sophisticated statistical analysis methods.
Perhaps the items reported in Appendix A, in conjunction modeling criteria such as the SyM Bowl scoring criteria will 
evolve into a useful classification scheme for comparison of models and modeling efforts at all levels, from secondary 
school to the modeling profession at large.
Implications for Other Systems Concepts
In view of the descriptive and exploratory nature of the "results" reported for the concept of system dynamics, it would be 
more than presumptuous to comment on whether or not other systems concepts, such as cybernetics, hierarchical systems, 
self-organization, chaotic dynamics, game theory, holism, fuzzy logic, autopoesis, neural networks, discrete system 
simulation, linear optimization, decision theory, genetic algorithms, etc. may or may not be usefully introduced earlier in 
the educational process in the future.
Nevertheless, I will do just that. Many of these concepts do rely on complex mathematics typically not studied until 
college. Developments in computer technology ultimately made it possible for system dynamics to be introduced earlier in 
the academic curriculum.
Thus, perhaps, it is the degree to which the above concepts rely on and are made more accessible by advances in 
computer technology that will determine their future accessibility to younger students. In all likelihood, many systems 
concepts will remain beyond the grasp of junior high and high school students. Others may not. The evidence offered 
herein that systems dynamics appears to be quite accessible to high school student is, at the least, very encouraging.
 
 
Appendix A: Student Model Characteristics
  Size  FB 
Complexity
Model Development Model Validity Model Behavior/ 
Dynamics
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1996 How Chivalrous 
is Sir Gawain?










very complex if 
then logic




3  5 4  2 4 1 of them generally yes 1 sens. stated as 
hypothesis 
partially growth overlapping 
stocks 





drainage in a 
watershed?















1997 How does a 
Nuclear 
Reactor Work?
5  6 1 1 3 3 5 of them generally yes + est. 2 test cases 
(extremes)










3  4 3   3 1 of them yes from ext. 
expert
ver. in parts; 





sort of, but 




curious pulse fn 
in one flow is not 
central
1997 Is the National 
Debt Bad?












yes growth  






4  7 6 2 input 
fns.





beh. = RBP; 2 
alt. runs
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1998 What Effects 
will China's 
One-Baby 




32  62 16, all simple 1 key 
loop














1998 What Are the 
















1998 How Does the 
Body React to 
Cold Stress?


















2 2  10  4  yes yes, carefully 
considered
Handbook 





not avail. yes s-shaped  
1999 If a Tree Falls 
in the Forest, 
Will Another 
Replace It?
3  5 1  1 5 yes, 
thoroughly
yes from ext. 
expert






yes growth & 
decay
 
1999 What Effects 
Does Raising 
the Minimum 
Wage Have on 
a Business?





review by ext. 










1999 How Does a 
Galaxy Evolve?
4  5 3 1 3 3 yes yes book +ext. 
expert





yes growth & 
decay
graphical fn. is 
key to behavior












2000 What is the 
Future of of our 
Groundwater 
Supply?
4  6 6 3 3  very limited generally books & 
maps
no solid RBP to 
compare to; 1 




partially decay explicit delays 
incorrect + time 
scale concerns
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2000 The Physics of 
Thermo-electric 
Cooling System 




3  3 12  2  yes yes Internet vs. RBP; 13 










2000 Modeling a 
Tsunami and its 
Tsunamigenic 
Earthquake.














2000 How Do the 
Ions in the 
Heart Affect its 
Charge?
3 6  5  6 3 partially yes Texts and 
Papers
shape = RBP, 























+ 20 diff. cases
prose only; 






















 Stock Market 
Response to 
Bad News on a 
Stock
















6 5 2 10  7 1 yes generally plausible 
guesses






























 Epidemic JO 5  5 3  3 3 no yes plausible 
guesses
comp. to RBP; 
dozens of sens. 
runs
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 Epidemic DK 5  6 2  3 5 no yes web + 
plausible 
guesses
comp. to RBP 


















per Senge yes complex 
oscillation
 












 Farmland & 
Population









yes growth & 
decay
 

























































 Growth with 
Under-
investment
9  15 2  12 7 to some 
degree
not clear plausible 
guesses
sens. testing + 
extreme 
conditions







9 6 6 3  3 5 no yes plausible 
guesses
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